ABSTRACT
1.INTRODUCTION
Development of solid state electronic devices leads to necessity to decrease dimensions of elements of integrated circuits. In the present time are have been elaborated several approaches to decrease dimensions of these elements. One of them is growth thin film devices [1] [2] [3] [4] . The second one is diffusion or ion doping of required areas of homogenous sample or heterostructures and laser or ion doping of dopant and /or radiation defects [5] [6] [7] . Using one of these types of annealing gives a possibility to generate inhomogenous distribution of temperature. In this situation one can obtain inhomogeneity of structure, which should be doped. The inhomogeneity leads to decreasing of dimensions of the considered devices. Another way to modify properties of materials is radiation processing [8, 9] .
In this paper we consider manufacturing a field-effect heterotransistor with inhomogenous doping of channel. Inhomogenous doping of channel during technological process gives us possibility to change speed of transport of charge carriers [10] and to prevent the effect of closing the source to the drain after decreasing of length of channel [11] . To illustrate the introduced approach of optimization of doping of channel we consider heterostructure, which presented in Fig. 1 . One of ends of the channel has been doped by diffusion or ion implantation. After that the dopant and/or radiation defects have been annealed by using electro-magnetic (microwave) irradiation. In this situation one can find inhomogenous distribution of concentration of dopant. This type of annealing gives a possibility to heat near-surficial area to decrease dopant diffusion deep heterostructure. After finishing of the annealing channel will be overgrown. After the overgrowth it should be manufactured gate. Main aim of the present paper is optimization of annealing time to dope of required part of channel. 
2.METHOD OF SOLUTION
We solved our aims by solving the following second Fick's law [10, [12] [13] [14] to determine spatiotemporal distribution of concentration of dopant ( ) 
In the Eqs. (1) and (2) the function C(x,y,z,t) describes the spatio-temporal distribution of concentration of dopant; the parameter D С is the dopant diffusion coefficient. Dopant diffusion coefficient will be changed with changing of materials of heterostructure, heating and cooling of heterostructure during annealing of dopant or radiation defects (with account Arrhenius law). Dependences of dopant diffusion coefficient on coordinate in heterostructure, temperature of annealing and concentrations of dopant and radiation defects could be written as [15] [16] [17] ( ) 
Here function D L (x,y,z,T) describes dependences of dopant diffusion coefficient on coordinate and temperature of annealing T. Function P (x,y,z,T) describes the same dependences of the limit of solubility of dopant. The parameter γ is integer and usually could be varying in the following interval γ ∈ [1, 3] . The parameter describes quantity of charged defects, which interacting (in average) with each atom of dopant. More detailed information about concentrational dependence of dopant diffusion coefficient is presented in [15] . The function V (x,y,z,t) describes distribution of concentration of radiation vacancies in space and time. The parameter V * describes the equilibrium distribution of concentration of vacancies. It should be noted, that diffusion type of doping gives a possibility to obtain doped materials without radiation defects. In this situation ζ 1 = ζ 2 = 0.
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Boundary and initial conditions for these equations are
Here ρ =I,V. The function I (x,y,z,t) describes the distribution of concentration of radiation interstitials in space and time. The functions D ρ (x,y,z,T) describe dependences of the diffusion coefficients of point radiation defects on coordinate and temperature. The quadric on concentrations terms of Eqs. (4) describes generation divacancies and diinterstitials. The function k I,V (x,y,z,T) describes dependence of the parameter of recombination of point radiation defects on coordinate and temperature. The function k I,I (x,y,z,T) and k V,V (x,y,z,T) describes dependences of the parameters of generation of simplest complexes of point radiation defects on coordinate and temperature. Now let us calculate distributions of concentrations of divacancies Φ V (x,y,z,t) and diinterstitials Φ I (x,y,z,t) in space and time by solving the following system of equations [16, 17] ( ) I  I  I   I  I   ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  , 2 , ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  , 2 ,
The functions D Φρ (x,y,z,T) describe dependences of the diffusion coefficients of the above complexes of radiation defects on coordinate and temperature. The functions k I (x,y,z,T) and k V (x,y,z, T) describe the parameters of decay of these complexes on coordinate and temperature.We calculate distributions of concentrations of point radiation defects in space and time by using recently elaborated approach [18] [19] [20] . To use the approach let us transform dependences of diffusion coefficients of point defects in space and time to the following form: D ρ (x,y,z,T) =D 0ρ [1+ε ρ g ρ (x,y,z,T)], where D 0ρ are the average values of diffusion coefficients, 0≤ε ρ < 1, |g ρ (x,y,z, T)|≤1,ρ =I,V. Let us also transform dependences of another parameters to the similar form: 
The introduction leads to transformation of Eqs.(4) and conditions (5) to the following form
Let us determine solutions of Eqs. (8) as the following power series [18] [19] [20] ( ) ( )
After substitution of the series (10) 
We determine spatio-temporal distributions of concentrations of complexes of radiation defects as the following power series
Equations for the functions Φ ρi (x,y,z,t) and conditions for them could be obtained by substitution of the series (11) into Eqs. (6) and appropriate boundary and initial conditions. We present the equations and conditions in the Appendix. Solutions of the equations have been calculated by standard approaches [21, 22] and presented in the Appendix.
Now we calculate distribution of concentration of dopant in space and time by using the same approach, which was used for calculation the same distributions of another concentrations. To use the approach we transform spatio-temperature approximation of dopant diffusion coefficient to the form:
. Now we solve the Eq.(1) as the following power series
The equations for the functions C ij (x,y,z,t) and conditions for them have been obtained by substitution of the series into Eq.(1) and conditions (2) . We presented the equations and conditions for them in the Appendix. We solve the equations by standard Fourier approach [21, 22] . The solutions have been presented in the Appendix.
We analyzed distributions of concentrations of dopant and radiation defects in space and time analytically by using the second-order approximations on all parameters, which have been used in appropriate series. The approximations are usually enough good approximations to make qualitative analysis and to obtain quantitative results. We check all results of analytical modeling by comparison with results of numerical simulation.
3.DISCUSSION
In this section based on recently calculated relations we analyzed redistribution of dopant with account redistribution of radiation defects. These relations give us possibility to obtain spatial distributions of concentration of dopant. Typical spatial distributions of concentration of dopant in directions, which is perpendicular to channel, are presented in Fig. 2 . Curve 1 of this paper is a typical distribution of concentration of dopant in directions of channel. The figure shows, that presents of interface between layers of heterostructure gives us possibility to obtain more compact and more homogenous distribution of concentration of dopant in direction, which is perpendicular to the interface. However in this situation one shall to optimize annealing time. Reason of the optimization is following. If annealing time is small, dopant can not achieves the interface. If annealing time is large, dopant will diffuse into another layers of heterostructure too deep. We calculate optimal value of annealing time by using recently introduced criterion [18] [19] [20] . Framework the criterion we approximate real distribution of concentration of dopant by ideal step-wise function ψ (x,y,z). Farther the required optimal value of dopant concentration by minimization of the following mean-squared error 
4.CONCLUSIONS
In this paper we introduce an approach to manufacture of a field-effect heterotransistor with inhomogenous doping of channel. Some recommendations to optimize technological process to manufacture more compact distribution of concentration of dopant have been formulated. 
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Solutions of the above equations could be written as
where
Equations for the functions C ij (x,y,z,t), boundary and initial conditions for them could be written as 2   02   2   0   02   ,  ,  ,  ,  ,  ,  , ,  ,   ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,  ,   , 
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Solutions of the above equations with account boundary and initial have been calculated by Fourier approach. The result of calculation could be written as 0   00   1  00  01   2  ,  ,  ,  ,  ,  , 
